S3
(a) Pasture and Range Land: Pasture and rangeland were simulated with continuous grazing 1 operations (Neitsch et al., 2002) . Estimates of total (recoverable and non-recoverable) manure 2 nutrients that could have been applied were derived from data on livestock populations using 3 2002 Census of Agriculture (Kellogg and Moffitt, 2011) . The manure application to pasture and 4 rangeland in each 8-digit watershed was modeled at rates estimated from probable land 5 application of manure obtained from animal feeding operations (AFOs). Non-recoverable 6 manure include the non-recoverable portion from AFOs and manure deposited by pastured 7 animals, and recoverable manure include the recoverable portion from AFOs available for land 8 application on cropland, pasture, range and hay land. Supplemental commercial nitrogen 9 fertilizer was applied to pasture when there is a crop need using the auto-fertilizer routine in 10 SWAT.
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(b) Permanent Hayland: Grass hay was simulated with nitrogen fertilizer application using the 12 auto-fertilizer routine to avoid nutrient stress. Legume hay was grown in a four-year rotation 13 with phosphorus application to meet the crop needs. Recoverable manure was applied to grass 14 hay and legume hay at rates estimated from probable land application of manure from AFOs 15 (Kellogg and Moffitt, 2011) . For irrigated hay, irrigation water was applied using auto-irrigation 16 option. Three and four hay cuttings were simulated per crop year for grass hay and legume hay, 17 respectively. 18 (c) Horticulture: Orchards and vegetables were modeled as horticultural land. Horticultural land 19 was fertilized with 112 kg/ha of nitrogen per year and 50 kg/ha of phosphorus. For irrigated 20 horticultural area, water was applied using the auto-irrigation routine in SWAT. 21 (d)Urban land: Urban land simulation consists of three categories of surface cover within an 22 urban HRU: (1) "Pervious surfaces" such as lawns, golf course, and gardens; (2) "Impervious 23 S4 surfaces hydraulically connected to drainage systems" such as paved roads and paved streets 1 draining to storm drains; and (3) "Impervious surfaces not hydraulically connected to drainage 2 systems" such as a house roof draining to a pervious yard that is not directly connected to drains 3 (composite urban surface consisting of impervious roof surface and pervious yard surface). 4 Urban runoff is estimated separately for three categories within an urban HRU using a simple or 5 composite curve number method depending on the surface cover type. Pervious surfaces are 6 simulated in the same manner as other grassed or planted HRUs for surface runoff, sediment and 7 nutrient. Nitrogen fertilizer and irrigation water were applied on grassed urban areas for growth 8 without undue stress. For an impervious portion of the urban HRU, sediment and nutrients 9 carried with storm water runoff to streams and rivers were estimated using the build up-wash off 10 algorithm available in SWAT (Huber and Dickinson, 1988) . For modeling water quality of urban 11 areas, the model uses the parameters defined in the urban database (Neitsch et. al, 2002) . 12 (e) Construction Sites: During a construction period, the affected land is usually stripped, cleared 13 of vegetation, and the soil is compacted, which leads to increased storm water runoff and high 14 rates of soil erosion and other pollutants. On a unit area basis, construction sites can transport 15 sediment at 20 to 1,000 times the rate of other land uses (Schueler, 1997) . In this study, 16 construction areas were assumed to comprise 3% of urban areas in each 8-digit watershed and 17 assigned to a single construction site HRU. Annual sediment load from construction HRU is 18 simulated using the Revised Universal Soil Loss Equation (RUSLE) as described in the EPA 19 documentation (USEPA, 2008) . In SWAT, the curve number was adjusted to simulate high 20 surface runoff. In addition, the soil erodibility factor, slope and slope length of HRU, sediment 21 concentration in lateral flow, and the proportion of sand, silt and clay were adjusted to simulate 22 high sediment yield from the construction areas.
S5
(f) Forestland: Deciduous, evergreen, and mixed forest land were modeled. Growth parameters 1 such as leaf area development, canopy height, rooting depth, base temperature, biomass, and 2 nutrient uptake vary by forest type and also the transport of water and nutrients from the soil. To 3 accommodate rotation cycles in forest, and climate and cultural operations utilized for tree 4 production, C factors representing harvest cycle and forestland management effects, and P 5 factors representing harvest and forest conservation effects were allowed to vary over the years. 6 Forestland is assumed to have no protective cover during the first year following harvest. The fraction of the subbasin (8-digit watershed) that drains into wetlands is input to the model. 12 Wetlands can release water, receive precipitation and inflow, evaporate and seep water. Outflow 13 is released from a wetland whenever the water volume exceeds normal storage volume of the 14 wetland. SWAT uses a simple mass balance model to simulate the transport of sediment into and 15 out of wetlands. The model assumes complete mixing and sediment and nutrients are distributed 16 throughout the volume of water. Sediment and nutrients are allowed to settle in the wetland.
17
Topography: Each river basin is delineated into different subwatersheds (8-digit) using a 18 3-arc Digital Elevation Model (DEM) of the United States with 100 m resolution (Srinivasan et 19 al., 1998 
Section 2: Model Calibration and Validation Methods and Results

16
Calibration and validation of a regional scale model is necessary before scenario assessment.
17
Calibration is an effort to better parameterize a model to a given set of local conditions by 18 selecting input values within a prescribed range for various model components, thereby reducing 19 the prediction uncertainty. "Sufficient accuracy" of model simulations can be varied based on 20 project goals and purpose (Refsgaard, 1997; Engel et al., 2007 The semi-automated spatial flow calibration procedure used one parameter at a time 17 (Kannan et al, 2008) . The number and type of parameters used for calibration varied in each 8- SWAT were calibrated to adjust base flow and the water yield (Supplemental Table 2 ). The were calibrated at multiple gaging sites to capture the flux variation across the large basin due to 5 hydrology, reservoirs and sources such as agriculture, point sources and manure applied on 6 pasture/range. The calibration process consisted of: (1) ensuring that the key processes of S14 whereas monthly rates could range from 2% to 30%. Walling and Webb (1988) nitrogen (ERORGN) in SWAT, and nitrogen fixation coefficient (parm (7)) and nitrate leaching 5 ratio (parm (14)) in APEX were refined to suit the watershed condition ( Fig. 3 and Supplemental 6 Table 2 ). For calibration of upland phosphorus and nitrogen losses from different land uses to be the relationship of curve number before and after implementation of these practices. The 6 overland flow practices were simulated with increased P factor and curve number in the no 7 practice scenarios (Supplemental Table 3 ). Table 3 ) based on the type and density of vegetation on the structure. These Table 3 ). In the no-practice condition 23 S22 simulation, the grade stabilization structure or grassed waterway is removed and replaced with an 1 earthen "ditch or channel" as a separate subarea to represent the gully with a steep gradient and 2 high velocity of flow. With this representation, sediment contribution of the gully from down-3 cutting is simulated (Supplemental Table 3 ). The grass and forest zones were assumed to be with maximum slope lengths of 10 and 30 meters, dimensions. In the no practice condition, the field was set with dimensions of 400 meters 9 (Supplemental Table 3 ).
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Cultural Management Practices
12
Cultural management practices are conducted as part of the crop production system each year by 13 changing the way cropland is managed by farmers or land managers to achieve production or 14 conservation goals. These practices are designed primarily to promote soil quality, reduce in- 15 field erosion, and reduce the availability of sediment, nutrients, and pesticides for transport by 16 wind or water. Cultural management practices include: (a) overall disturbance to the soil layer (Supplemental Table 4 ). While the tillage practices were 12 simulated to provide the benefits of conservation tillage in the baseline condition and 13 conventional tillage was simulated in the no practice condition with additional tillage operations.
14 In addition, the hydrologic condition for assignment of the runoff curve number was changed 15 from good to poor on cropland areas receiving additional tillage in the no practice. as tillage and fertilization were removed in the no-practice condition (Supplemental Table 4 ).
10
CRP: In the baseline condition, the CRP land was simulated by planting native or Total of all applications of nitrogen (commercial fertilizer and manure applications) ≤ 1.6 times harvest removal for small grain crops Increased rate at 2.0 times harvest removal (proportionate increase in all reported applications, including manure) Phosphorus-Rate of application Applied total of fertilizer and manure P over all crops in the crop rotation ≤ 1.1 times total harvest P removal over all crops in rotation.
Increased commercial P fertilizer application rates to reach 1.8 times harvest removal for the crop rotation and increased manure applications to meet nitrogen application criteria for the no practice scenario. Fertilizer application method Incorporated or banded Surface broadcast Manure application method Incorporated, banded, or injected Surface broadcast Fertilizer application timing Within 3 weeks prior to planting, at planting, or within 60 days after planting.
3 weeks or more before to planting. Manure applications were not adjusted for timing in the no-practice scenario.
Cover crop
Cover crop planted for off-season protection
Remove cover crop simulation including field operations, fertilizer and grazing.
